for FecB mutation, which affects ovulation rate and litter size (Goyal et al., 2017; Jia et al., 2005; Regan et al., 2015) . Furthermore, polymorphisms in the 5′ regulatory region (e.g., g.-200G>A, g.-197G>A and g.-98T>C) and coding region (e.g., c.1235T>C) of the ovine FSHR gene have shown to be significantly associated with litter size (Chu et al., 2012; Wang, 2013) . A recent report demonstrated that the g. 47C>T mutation in the 5′ regulatory region of the FSHR gene is associated with litter size in Small-tailed Han sheep and Hu sheep, two prolific local breeds in China, which are thought to be associated with FecB mutation in the BMPR-IB gene and FecG mutation in the BMP-15 gene that are useful genetic markers in multi-gene pyramiding for improving litter size during sheep breeding (Wang et al., 2015) .
The polymorphisms in the 5′ regulatory region (including promoter and 5′-UTR) and coding region of FSHR gene in mammals, including sheep, have been extensively studied (Borgbo et al., 2017; Lindgren et al., 2016; Mitchell, 2012; Wang et al., 2015) . However, information on polymorphisms in the 3′-UTR of the FSHR gene in mammals is absent. In the present study, a natural mutation (c.2327A>G) was identified in the 3′-UTR of the ovine FSHR gene.
Our data suggest that this polymorphism could play a critical role in FSHR transcription through influencing ARE motif-mediated mRNA stability.
| MATERIAL S AND ME THODS

| Animals and cells
A total of 234 Hu ewes were chosen for our study, ear samples were collected for DNA extraction, and ovary samples were collected for RNA extraction. The experimental protocol was approved by the Animal Ethics Committee of Nanjing Agricultural University, China.
Cells were cultured in DMEM (Sigma) with 10% foetal bovine serum (FBS; Life Technologies) and 1% penicillin-streptomycin at 37°C in 5% CO 2 .
| DNA and RNA extraction
For DNA extraction, ear samples from Hu ewes were immersed in 800 μl lysis buffer with 30 μl proteinase K (20 mg/ml) at 55°C overnight and DNA was extracted by phenol-chloroform method. The DNA was resuspended in 80 μl ddH 2 O and stored at −20°C. Total RNA was extracted from ovaries and HEK293T cells by using a TRIzol and High-purity Total RNA Extraction Kit according to the manufacturer's instructions (Bioteke). RNA concentration and quality were measured spectrophotometrically at 280 and 260 nm.
| PCR and sequencing
The 3'-UTR of Hu sheep FSHR gene was amplified by RT-PCR. The amplification system was as follows: 25 μl 2 × Premix rTaq (TaKaRa), 17.5 μl ddH 2 O, 2.5 μl forward primer, 2.5 μl reverse primer and 2.5 μl DNA (DNA pool, n = 20). The primer sequences were F: 5′-GCT CCC AGG GTT ACC AAT G-3′ and R: 5′-TCC CTT CCA CCC TCC TGT T-3′ (Table 1) . PCR cycles were as follows: 5 min at 94°C, then 35 cycles of 30 s at 94°C, 30 s at 55°C and 45 s at 72°C, and then 10 min at 72°C. PCR products were run on a 1.5% agarose gel. Besides, to identify SNPs in the FSHR 3′-UTR of Hu sheep, the PCR samples were send for sequencing (Tsingke).
| Plasmid construction
A 577 bp of Hu sheep FSHR 3′-UTR containing allele A or allele G and two ARE motifs were amplified and inserted into pmirGLO luciferase reporter vector (Sigma). The primers used here were as fol- 
| Transient transfection and luciferase assay
| qRT-PCR
Total RNA isolated from KGN and HEK293T cells was reverse-transcribed into cDNA using PrimeScript TM RT Master Mix (TaKaRa). 
| Bioinformatic and statistical analysis
The 3′-UTR sequences of other mammalian FSHR genes were obtained from NCBI database (https://www.ncbi.nlm.nih.gov/), and sequence alignments were performed using NCBI BLAST program. The potential miRNA response elements (MREs) were detected using miRBase online software (https://www.mirbase.org/). 
| The c.2327A>G polymorphism influences FSHR transcriptional activity
Polymorphisms in the regulatory region, including 5′ regulatory region and 3′-UTR, often influence transcriptional activity of genes (Javierre et al., 2016; McFarland et al., 2014) . To investigate whether In contrast to the 5′ regulatory region, polymorphism in the 3′-UTR is rapidly becoming a new hot spot in regulating gene transcription.
Recently, it has been reported that several mutations in the 3′-UTR could regulate gene transcription, such as rs4803217, rs3088442
and rs2229611 in IFNL3 (McFarland et al., 2014) , SLC22A3 and G6PC1 (Karthi et al., 2017) , respectively. However, such mutations are mainly reported in cancer-related genes or human disease-related genes, and less in livestock. Therefore, more functional polymorphisms in the 3′-UTR are needed for further identification and investigation in livestock.
| The c.2327A>G polymorphism strongly influences FSHR mRNA decay
Alteration of mRNA stability is an important mode of action of 3′-UTR polymorphisms for regulating gene transcription (Karthi et al., 2017; McFarland et al., 2014; Sugimoto et al., 2015) . To investigate whether the c.2327A>G mutation in the 3′-UTR inhibits Previous studies have investigated the regulation of mRNA decay of FSHR; however, to the best of our knowledge, this is the first evidence that 3′-UTR mutation alters mRNA decay of FSHR in mammals (Minegishi et al., 2000; Reinholz, Zschunke, & Roche, 2000; Zhu & Tian, 2001) . In rat GCs, insulin-like growth factor I (IGF-I) could increase the half-life of the FSHR mRNA transcript, thereby promoting FSHR transcription (Minegishi et al., 2000) .
| The c.2327A>G polymorphisms strongly influence ARE-mediated mRNA decay
AREs are important cis-acting elements that were initially found in the 3′-UTR of the mRNA, which promote mRNA decay by interacting with ARE-binding proteins, such as HuR and TTP (Bakheet, Hitti, & Khabar, 2018) . Interestingly, we had previously found that (Chen & Shyu, 1995; Karthi et al., 2017; Patel et al., 2017) .
Meanwhile, our results also proved that the c.2327A>G mutation in the 3′-UTR influences ARE-mediated mRNA decay of Hu sheep FSHR gene. This is consistent with the polymorphisms in the 3′-UTR of other ARE-containing transcripts such as IFNL3 (McFarland et al., 2014) , G6PC1 (Karthi et al., 2017) and SLC4A4 (Patel et al., 2017) .
A more recent report showed that a novel mutation in the 3′-UTR of human SLC4A4 gene creates an ARE motif and enhances SLC4A4 interaction with the zinc finger protein ZFP36/TTP, an ARE-mRNA decay-promoting protein, thereby leading to destabilization and rapid degradation of the SLC4A4 transcript (Patel et al., 2017) .
| CON CLUS ION
In the present study, we identified a novel natural mutation 
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